This paper investigates whether lead-lag patterns exist between small and large size portfolios constructed from stocks traded in an emerging market, the Cyprus Stock Exchange (CSE). We examine this relation in both its short-run by using the correlation-based approach of Lo and MacKinlay (1990) and its long-run by employing the cointegration-based methodology of Kanas and Kouretas (2005) . Furthermore, on finding that cointegration exists we then use the estimated error correction models (ECMs) to obtain out-of-sample forecasts of small-firm portfolio returns and it is shown that these ECMs have superior forecasting performance relative to models without the error correction terms. The main finding of our analysis is that a lead-lag effect was established between small and large size portfolios for the Cyprus equity market in both the short-run and the long-run.
Introduction
established an important lead-lag relation between small and large size portfolios returns using weekly data from the NYSE. Using the cross-autocorrelation analysis they show that returns of larger capitalization stocks lead and those of smaller capitalization stocks follow. Furthermore, they suggested that such a lead-lag relationship can be considered as a source of contrarian profits. The analysis of correlations of returns is very important in order to understand the workings and the structure of markets. Given such relationship, Lo and MacKinlay (1990) argue that when there is a difference in the speed of reaction to information among the stocks then a contrarian strategy may lead to profits even in the case where no stock overreacts to information. The implication of the existence of such relationship relates to the ability of investors to forecast the returns of small-firm portfolios based on the returns of large-firm portfolios and that contradicts the efficient market hypothesis. These findings have resulted to an intense discussion during the last fifteen years (Note 1, Note 2).
However, Boudoukh et al. (1994) , Badrimath et al. (1995) and Jegadeesh and Titman (1995) have questioned this evidence and they argue that it is not clear that there is a positive cross-correlation between lagged returns of large-firm portfolios with current returns of small-firm portfolios. Furthermore, Campbell et al. (1997) argued that this relation implies a rather complicated information transmission mechanism between large-and small-firm portfolio returns and therefore we are still far from having a complete understanding of their nature and sources.
Several explanations have been offered for the existence of this provoking relationship. Lo and MacKinlay (1990) relate this evidence to the way that market news are transmitted through the stock prices. They argue that information shocks are first embodied in the large-size portfolios and then with a time lag to the small-size portfolios. Badrinath et al. (1995) provide as a potential explanation of such lead-lag relationship the level of institutional ownership of the firms. Finally, Merton (1987) considers the information set-up cost, a factor which is highly correlated with firm size, as another possible explanation for the presence of a lead-lag relationship.
European Union at that time, led to an increased interest of investors especially in the years 1999 to 2001 when high returns have been recorded for most of the securities traded. However, subsequent dramatic fall of the stock prices led most of investors in frustration. Such behaviour by the investors in the Cyprus Stock Exchange has now been considered as the result of the existence of a rational bubble over the two year period (see Chrysostomidou et al., 2006; and Diamandis, 2014) . The CSE has experienced a dramatic change over the last decade, in terms of both trading activity and market operations. The exchange process was modernized, the legal framework has been reformed and the market now provides alternative trading tools (such as the margin account and the operation of market makers). In terms of volume, the trading activity has increased significantly as a result of new listings and secondary offerings. A result of this "bullish" period has been the need for detecting investment opportunities either in individual securities or in risk-return balanced portfolios of various securities.
However, as a consequence of the recent European debt crisis in March 2013 action was taken when the banking sector of Cyprus nearly collapsed and the Cypriot economy was put under the supervision of the European Commission and the ECB and through a bail-in mechanism the bankrupt banking sector was restructured and capital controls were imposed that only recently were lifted. Thus, once again investors, portfolio managers and hedge funds who seek new investment opportunities in developed and emerging markets are forced to investigate possible patterns in the expected returns of stocks or portfolios, such as the existence of lead-lag effects among size-sorted portfolios in the Cyprus Stock Exchange (Note 3).
Since this market is a relatively new one only a few works have examined its characteristics with respect to market efficiency and stock price volatility. Chrisostomidou et al. (2006) and Diamandis (2014) have shown that the weak form efficient market hypothesis is strongly rejected for the CSE. These studies have documented that CSE follows a pattern where last"s period"s returns are correlated with today"s returns. This finding supports the ability of predictability for CSE which may lead to substantial abnormal profits (Note 4).
As we mentioned above Boudoukh et al. (1994) and Jegadeesh and Titman (1995) have questioned the importance of such lead-lag relationship. They argue that there is little evidence that contrarian strategies can be applied when stock prices exhibit a delayed reaction to common factors. Furthermore, they argue that the major source of any potential contrarian profit that may result from trading strategies is stock price overreaction to firm-specific factors while any lead-lag relationship has a very limited role.
5 Another explanation for contrarian profits is offered by Conrad and Kaul (1998) who argue that even in markets without frictions we may find evidence of negative autocorrelation and negative cross-correlation between short-term stock returns consistent with time-varying common factors. Finally, Hou (2007) argues that the slow diffusion of industry information is a major cause of the lead-lag effect in stock returns. Specifically, Hou (2007) finds that the lead-lag effect between big firms and small firms is predominantly intra-industry phenomenon. Furthermore, he argues that this effect is driven by sluggish adjustment to negative information, and is robust to alternative determinants of the lead-lag effect. Hou (2007) also provides evidence that the lead-lag effect is related to the post-announcement drift of small firms following the earnings releases of big firms within the industry.
Evidence of lead-lag effect between large and small-size portfolios along with other trading strategies are considered as a cause of rejection of the market efficiency hypothesis, since in informationally efficient markets stock prices fully reflect all available information and therefore it is not possible to make abnormal profits by exploiting past information. According to behavioural finance these abnormal profits is evidence of inefficient markets with the inefficiency being the outcome of investors" herding behaviour as well as irrational reactions of stock prices to news. In contrast those who support the efficient market hypothesis argue that the existence of abnormal profits of contrarian strategies is only due to the lack of structural models like CAPM to take into consideration those time-varying common factors.
Much of the literature on the lead-lag relationship between small and large capitalization stocks have been done on U.S. and U.K. data. However, it is likely that the existence of such a relationship and the realization of abnormal profits as a result of trading strategies could be more evident in emerging markets. Furthermore, during the 1990s we observed a substantial increase in financial uncertainty as a result of the increased volatility that stock returns exhibited in mainly in the emerging markets. This was the outcome of the increased flow of portfolio capital from the mature markets to the emerging markets of the South East Asia and the economies of transition of Central and Eastern European countries. Singh and Weisse (1998) report that during the period 1989-1995 the inflow of funds in emerging markets amounted to 107.6 billion US dollars as opposed to a mere 15.1 billion US dollars in the previous period 1983-1988 . This increased capital flow to the emerging markets continued until the recent financial crisis of 2007-2009 that led to a reversal of capital flows due to the liquidation of investment by hedge funds and portfolio managers and a "flight to quality" (Shaghil & Zlate, 2013; Bluedorn et al., 2013) . There are several reasons for these enormous inflow of portfolio funds to the emerging www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 7, No. 11; 2015 27 markets but certainly the most important was the fact that during the 1990s the mature markets has reached their limitations with respect to profit opportunities and made portfolio managers and institutional investors to look for new opportunities in these new markets. The higher volatility of emerging markets is mainly the result of thin trading, the existence of opportunities for stock price predictability and the participation of small and less sophisticated investors who do not respond instantaneously to information shocks, (Antoniou et al., 1997; Antoniou et al., 2005) . It becomes evident therefore that in these markets which are less efficient there is greater possibility for the existence of such an exploitable relationship that can lead to the realization of abnormal profits and hence their characteristics would be of interest to investors and portfolio managers (see Forbes & Warnock, 2012; Powell, 2013 for a thorough analysis).
We analyze the lead-lag patterns between large-size and small-size firms listed in the CSE in the short-run and in the long-run. The first part of our analysis examines the existence of such a relationship using the correlation-based short run approach which has been initially employed by Lo and MacKinlay (1990) and has been used in most of the subsequent works like Mills and Jordanov (2000) . In the second part of the paper we discuss the existence of lead-lag effects between large and small capitalization portfolios in a long-run perspective. To this end we adopt the framework developed by Kanas and Kouretas (2005) who illustrate that lagged information transmission may entail cointegration between the current price of small-firm portfolios and the lagged price of large-firm portfolios.
The main findings of our paper are summarized as follows. First, following Lo and MacKinlay (1990) we were able to establish cross-correlation patterns between size-sorted equity portfolios constructed from the Cyprus Stock Exchange. These patterns are shown to be similar to that found in the US and the UK and other mature and emerging stock markets. Second, following Kanas and Kouretas (2005) we found that there is cointegration between equally weighted size-sorted portfolios and that large-firm portfolio prices are long-run forcing variables for small-firm portfolio prices. This piece of evidence supports the theoretical arguments that in the long-run the lagged one period price of the large size firm leads the contemporaneous price of the small size firm. In addition we were unable to observe the opposite directional effect. A final point of the present analysis concerns the forecasting performance of the estimated error correction models. With the use of standard statistical criteria we clearly show that the forecasting performance of these models is substantially improved compared to the models without the error correction term.
The rest of the paper is organized as follows. Section 2 outlines the construction of the portfolios. Section 3 presents the results of the autocorrelation and cross-correlation. Section 4 discusses the cointegration approach to the lead-lag effect and we present our results. Section 5 reports the forecasting performance of our correction model while conclusions are presented in Section 6.
Data and Portfolio Construction
The data set for the Cyprus stock market includes weekly compounded returns in order to test for the existence of a lead-lag effect in the prices of size-sorted equity portfolios. The data is obtained from the Cyprus Stock Exchange official database and the DATASTREAM database and used to obtain weekly stock return data for the period January 1997 to December 2014. The data consists of 988 observations of weekly total returns. The calculation of the market value for each company in the sample is done by multiplying the share price of the firm at the end of the year by the total number of outstanding shares at the end of the year. We then sort the firms into five size-portfolios by market value. Finally, for a share to be included in a size-portfolio we require that its shares have been traded for at least one year.
Thus, the first set of five sort size-sorted portfolios was formed using market value at the end of 1996 and these will be the 1997 portfolios. The portfolios are rebalanced at the end of every year in order to include any new listings. For the 1996 size-sorted portfolios, 42 firms are included, while in 2014, the number of eligible companies has grown to 167. We then construct the five portfolios, using equally weighted weekly returns, calculated from individual share prices for the weeks of each year. Therefore, for a particular year, the equally weighted size-sorted equity portfolio returns are calculated as follows:
where R p,t is the return for portfolio P ) 5 , 4 , 3 , 2 , 1 (  p for week t , P i,t is the price for share i in portfolio P for week t, and p n is the number of shares included in portfolio P. Table 1 reports the descriptive statistics for the five portfolios (with portfolio 1 being that with the lowest market www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 7, No. 11; 2015 28 capitalization and portfolio 5 that with the highest). From these results it is shown that the average return is clearly increases as we move from portfolio 5 down to portfolio 1. It is also clear that the variance of the returns increases as we move towards the lowest capitalization portfolio. Furthermore, all portfolios are negatively skewed and statistically significant, while portfolios 2 and 4 show evidence of significant excess kurtosis implying fat-tailed behaviour and therefore, all portfolio returns appear to be statistically significant different from normality. Finally, Table 1 reports sample autocorrelations and the Ljung-Box portmanteau statistics for the weekly size portfolios" returns. All portfolios exhibit positive lag one serial correlation. Furthermore, for portfolios 1 and 2 first-order autocorrelation is significant but not for the remaining portfolios. For portfolios 1 and 2 the first-order autocorrelations are approximately 0.2. For portfolios 3-5 we observe that second-order autocorrelations are statistically significant negative. No other autocorrelation order is significant. Therefore, there is some evidence that investors participating in the Cyprus Stock Exchange "over-react". We also note that the magnitude of the autocorrelations, as it is summarized by the Ljung-Box, Q, portmanteau statistic tends to decrease with the size of the portfolio. 
Portfolio Correlation Structures
In this section we follow MacKinlay (1990), Campbell et al. (1997) and Mills and Jordanov (2000) among others to investigate the cross-correlation patterns in order to show whether a short-run lead-lag effect between small and large capitalization portfolio, with the large size portfolio leading the small size one. Such an approach can provide a further explanation to that offered by works such as those of Lo and MacKinlay (1990) and Boudoukh et al. (1994) who argue that the evidence of serial correlation in small size firms is due to non-synchronous trading. However, Lo et al. (1997) argue that the size of this autocorrelation structure for the smaller size portfolios is substantially large to be solely explained by non-synchronous trading.
In Table 2 we report the cross-autocorrelations matrices for the five equally weighted size-sorted equity portfolios. The top of Table 2 Table 2 is in line with the findings of Campbell et al. (1997) and Mills and Jordanov (2000) , since the cross-autocorrelations below the diagonal are larger than those above the diagonal. For example, the first-order autocorrelation between last week"s return on portfolio 5 and this week"s return on portfolio 1 is 0.1955, while the first-order autocorrelation between last week"s return on portfolio 1 and this week"s return on portfolio 5 is -0.17. Table 3 reports the difference between the autocorrelation matrices and their transposes, i.e. (2000), we observe that a particular pattern emerges for both the first-order and second-order serial correlation leading to the conclusion that the correlation between the one period lagged returns of the large size portfolios and the contemporaneous returns of the small size portfolios are always larger than the correlation between the last week"s small size portfolio returns and the contemporaneous returns of the large size equity portfolio. Lo and MacKinlay (1990) have put forward as possible explanation for this apparent controversial evidence of "cross-effects" the existence of contrarian strategies by investors. Such contrarian strategies are considered to be successful in the presence of negative autocorrelation and they are amount to the argument that investors in the stock market tend to overreact to information, as we have already discussed in our introduction. Contrarian www.ccsenet.org/ijef
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International Journal of Economics and Finance Vol. 7, No. 11; 2015 30 strategies are adopted when in the presence of negative correlation in the asset returns, investors earn excess positive excess returns by selling "winners" and buying "losers". However, Boudoukh et al. (1994) , argue that negative autocorrelation is not a dominant feature of the individual size-sorted equity portfolios and they show that the asymmetric cross-autocorrelations may be the outcome of the combination of positive own-autocorrelations and high contemporaneous correlation between portfolios.
Cointegration and the Lead-Lag Relationship
Kanas and Kouretas (2005) have developed a theoretical framework which provides the conditions under which cointegration entails the existence of a lead-lag effect. Their basic argument is that in contrast to correlation-based studies which only lead to short-run relationships, existence of cointegration between the size-sorted portfolios can provide more accurate predictions of future asset prices by exploiting the resulted error correction models. Their analysis leads to the derivation of a long-run one way information flow from large-to small-firm portfolios. By adopting the approach developed by Jegadeesh and Titman (1995) who employ a single factor model and assume that lagged factor shocks affect the current returns of small size portfolios. Kanas and Kouretas (2005) show that there is compatibility between a lead-lag relationship and cointegration between the lagged price of large-firm portfolios and the contemporaneous price of small-firm portfolio. They prove that in case that a lead-lag effect exists then we can formulate a regression equation with the price of the small capitalization as the dependent variable and the lagged portfolio price of the large capitalization firm, a white noise common factor term and a nonstationary disturbance term. The crucial point in their analysis is that the existence of the lead-lag relationship implies the existence of the common factor term. Thus, if the idiosyncratic term is sufficiently small and the common factor is sufficiently large then we have a regression between the two portfolio prices. Kanas and Kouretas (2005) therefore, argue that cointegration between the current portfolio price of small-size firm and the lagged portfolio price of large-size firm can be considered that a long-run lead-lag relationship exists between prices of size-sorted portfolios.
The first step of our analysis is to examine, whether the series under consideration are stationary. (Kwiatkowski et al., 1992) . For the computation of these statistics a Newey and West (1994) robust kernel estimate of the "long-run" variance is used. The kernel estimator is constructed using a quadratic spectral kernel with VAR(l) pre-whitening and automatic data-dependent bandwidth selection [see, Newey and West, 1994 for details]. The 5% critical values for level and trend stationarity are 0.461 and 0.148 respectively, and they are taken from Sephton (1995 , Table 2 ).
(*) indicates significance at the 95% confidence level.
Given these findings for the stochastic properties of the time series we then consider the case of cointegration. To this end we test for pairwise cointegration between the current price of a small-size portfolio and the lagged price of a large-size portfolio. This is done for all possible pairs using the Philips-Hansen (1990) single equation cointegration methodology. These tests are conducted for the period March 1997 to December 2013, reserving the 52 weeks of 2014 (last year of our sample) for out-of-sample forecasting. The null hypothesis of the Philips-Hansen (1990) cointegration test is that of no cointegration. This approach is an appropriate one for testing pairwise cointegration since it is a Fully-Modified OLS semi-parametric method that fully accommodates any moving average effects and which is asymptotically equivalent to the Full Information Maximum Likelihood estimation, and which yields asymptotically optimal estimates. In addition, this methodology uses the same non-parametric correction for the presence of serial correlation and heteroskedasticity in the residuals of the OLS estimates, as in the Phillips and Perron unit root tests. Finally, it uses a normalized non-parametric estimate of the long-run covariance to deal with the endogeneity problem. Unlike the OLS the FM-OLS estimates have both standard t-distributions and t-tests. Table 5 . The results show that cointegration exists between the contemporaneous price of portfolio 1 (smallest capitalization portfolio) and the lagged price of portfolios 4 and 5 (largest capitalization portfolios). In addition cointegration was established for the case of the current price of portfolio 2 and portfolio 5. Therefore, we argue that contemporaneous small-size portfolio prices cointegrate with lagged prices of large-size portfolios and therefore this is compatible with the existence of the lead-lag effect. test statistics calculated on the residuals of the corresponding cointegration regression estimated using the Phillips-Hansen Fully Modified-OLS method. The null hypothesis is that of no cointegration. The 5% critical value is -20.4935 (Phillips & Ouliaris; 1990, Table Ib) . The data is weekly and therefore the sample period runs from the 1 st week of 1997 to the 52 nd week of 2013.
(*) denotes statistical significance at the 5% level. Bolded test statistics indicate portfolio pairs for which there is cointegration.
Given the evidence in favour of cointegration between the current price of portfolio 1 and the lagged price of portfolios 4 and 5 as well as of portfolio 2 and portfolio 5 we then turn to the estimation of the long-run coefficients of the corresponding cointegration vectors. The estimated coefficients are presented in Table 6 . We www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 7, No. 11; 32 also report asymptotic t-statistics below the estimated coefficient. The upper diagonal of Table 6 reports the coefficients for cointegrating relations in which the large capitalization portfolio is the independent variable. The estimated coefficients reported in the upper diagonal are all statistically significant and therefore we conclude that the large capitalization portfolio prices are long-run "forcing" variables for small capitalization portfolio prices. The overall conclusions are therefore in line with Lo and MacKinley (1990) , Mills and Jordanov (2000) and Grieb and Reyes (2002) who argue that there is lead-lag effect from large-to small-firm portfolios but not from the small-to large-firm portfolios. Furthermore, our results for the Cyprus capital market are in line with those of Kanas and Kouretas (2005) who provide empirical support for the existence of a long-run lead-lag effect in the UK capital market. 
Error Correction Models and Out-of-Sample Forecasting
This part of our paper considers the error correction models which are derived from those cases where cointegration has been established and the long-run parameters have been estimated. Our purpose then, is to obtain out-of-sample forecasts for the returns of small-firm portfolios for the period January 2014 to December 2014. The error correction model is based on the estimated cointegrating relationships from the estimated equations for the period March 1997 to December 2013. The error correction model is given by equation (3):
where t x  is the portfolio returns, and 1  t ect is the lagged error correction term estimated using the Phillips-Hansen (1990) approach. As it is always the case the coefficient of the error correction term,  , is expected to be negative and statistically significant. Table 7 reports the results from the estimation of the error correction models for the period March 1997 to December 2013. It is clear from the estimated coefficient of the error correction term in all case is negative and statistically significant and thus we are entitled to use the error correction models in conducting the out-of-sample forecasting. The results of the out-of-sample forecasting are reported in Table 8 . These forecasts for the returns of portfolios have been obtained for the period January 2014 to December 2014. We have also obtained out-of-sample forecasts from the same dynamic equations without the inclusion of the error correction terms in order to compare the forecasting performance of the error correction models. We apply the Root Mean Squared Error (RMSE) and the evidence reported is that this measure is always smaller for the model with the error correction term than the model without this term. As a further check we employ the Wilcoxon"s signed-rank suggested by Diebold and Mariano (1995) . This is a nonparametric test for the null hypothesis that the difference between the RMSE of the two competing models is not statistically different than zero. The results of the Wilcoxon"s test are given in Table 8 and we observe that the null hypothesis is rejected at the 5% level of significance indicating that the RMSE of the model with the error correction has a smaller value and hence it provides more accurate out-of-sample forecasts than the model without the lead-lag effect included into it. This finding is consistent with the results of Kanas and Kouretas (2005) for the case of the UK stock market and Drakos (2015) for the Athens Stock Exchange which further confirms the relevance of cointegration in forecasting small-capitalisation portfolio returns. Furthermore, this result has practical implications for the investors, technical analysts, institutional investors and portfolio managers since more accurate out-of-sample forecasts can help them to design profitable investment strategies. 
Summary and Concluding Remarks
This paper provides evidence that a lead-lag effect between the contemporaneous price of the small-size portfolio and the lagged price of the large-size portfolio for the case of an emerging capital market, the Cyprus Stock Exchange. The analysis examines the presence of this important lead-lag effect in both the short-run and the long-run. In the first part, we follow Lo and MacKinlay (1990) and Mills and Jordanov (2000) and we calculate cross-correlations between the five size-sorted equally weighted weekly portfolios of the CSE and it is shown that there is a statistically significant short-run lead-lag effect implying that there is lagged information transmission from the returns of the large capitalization portfolio to the small capitalization portfolio.
In addition, we have applied the single factor model by Kanas and Kouretas (2005) to investigate the existence of a lead-lag effect in a long-run framework. Evidence of cointegration between the size-sorted portfolios is taken to imply a lead-lag relationship. The results show that there is evidence between the prices of small-and large-firm portfolio. Furthermore, this lead-lag effect is shown to hold from the large-firm portfolio to the small-firm portfolio but not the opposite. Finally, with the application of the Wilcoxon"s nonparametric exact finite-sample test we show that the RMSE of the error correction model is smaller that the competing dynamic model without the error correction term and this implies that we obtain more accurate out-of-sample forecasts with the dynamic model that includes the lead-lag effect.
The overall results suggest that the existence of lead-lag effect in the Cyprus Stock Exchange holds for both the short and long-run, confirming the results of previous studies carried out for mature and several emerging markets. Thus, for both the short-and long-run, our results support the existence of one-way information flow from large-to small-capitalization portfolios. Furthermore, these findings suggest that the capital market of Cyprus appears to be informationally inefficient since based on this lead-lag effect forecastibility of assets" returns is feasible. Our results may be of interest to investors, institutional investors, technical analysts and portfolio managers who are interested in finding profitable portfolio strategies in the Cyprus Stock Exchange based on past stock returns. In the aftermath of the financial crisis of the financial crisis of 2007-2009 and the subsequent Eurozone debt crisis, the Cyprus capital market is expected to attract substantial capital flows in an
